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Abstract

Reactive elements (RE), such as Ce, La or Y, are known to improve oxidation resistance of Fe
based alloys that form Cr,O; scales. The current investigation aims to characterize the oxide
scale in a Fe-22 wt.% Cr alloy containing 120 ppm La and 270 ppm Ce (added during melt-stage
processing) as a function of oxidation times (at 800°C in dry air) during the transient stage of
scale formation. The surface oxidation processes were imaged in-situ through a Confocal
Scanning Laser Microscope (CSLM). The results are correlated with post-experiment
characterization through FEG-SEM and dual beam FIB-SEM. The evolution of the reactive-
elements-containing scale, its morphology and composition are determined.

Introduction

The influence of reactive elements (RE) on lowering alloy-oxidation rates has well established,
but even though several mechanisms have been suggested, no accordance among them has been
reached.

Ecer and Meier studied the mechanism of Ni-Cr alloys containing 44 and 50 wt. % Cr’ The
oxidation process is complex and it cannot be described by a single model. The growth of the
Cr,03 oxide occurs by outwards Cr diffusion. Cr vapor is transported to the scale, resulting in
bulging and cracking and voids incorporation. Giggins and Pettit studied the effect of ThO,
dispersion in Ni-Cr alloys.l As a result of Cr oxidation ThO, particles get enriched in the alloy
near the interface, preventing supply of Cr atoms in the alloy to the scale. Concerns about this
proposed model are the shortage of ThO, particles to block the Cr diffusion®. Stringer et al.!
proposed that dispersed CeO, and Y03 in Ni-Cr alloys act as nucleation sites for Cr,Os. Ecer
and Meier showed the effects of Ce additions on Ni-Cr alloysError! Bookmark not defined.
and the superficial application of CeO, powders on Ni-Cr and Fe-Cr alloysError! Bookmark
not defined.. RE oxides are suggested to act as nucleation sites while cerium ions would
segregate to the oxide grain boundaries and decreasing the transport though them. Migration of
the solute cloud with the grain boundary would involve a reduced level of atomic movement at
the boundary. Thanneeru et al. studied the high-temperature oxidation kinetics of steels in the
presence of nanocrystalline ceria (NC) and La® doped nanocrystalline ceria (LDN) coatings.
Slower scale growth and finer grain structure with increased porosity as the La concentration was
augmented in LDN coatings were found.

In this paper state of Fe-22wt.%Cr alloy containing 120 ppm La + 270 ppm Ce oxidation after 0,
5, 15, 30 and 60 minutes in air at 800°C, which would fall within the transient stage of the scale
development (0-30 min) and once it is over (60 min)7.

313



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
FEB 2009 2. REPORT TYPE 00-00-2009 to 00-00-2009
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Studies on Transient-Stage-Scale Growth on Fe-22wt.% Cr Alloys £b. GRANT NUMBER

Containing 120 PPM La + 270 PPM Ce
5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
National Energy Technology L aboratory,626 Cochran Mill REPORT NUMBER
Road,Pittsburgh,PA,15236-0940

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONY M(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

See also ADM002300. Presented at the Minerals, Metalsand M aterials Annual M eeting and Exhibition
(138th)(TM S 2009) Held in San Francisco, California on February 15-19, 2009. Sponsored in part by the
Navy. U.S. Government or Federal Purpose Rights.

14. ABSTRACT

Reactive elements (RE), such asCe, Laor Y, are known to improve oxidation resistance of Fe based alloys
that form Cr203 scales. The current investigation aimsto characterize the oxide scalein a Fe-22 wt.% Cr
alloy containing 120 ppm La and 270 ppm Ce (added during melt-stage processing) as a function of
oxidation times (at 800?C in dry air) during thetransient stage of scale formation. The surface oxidation
processes wer eimaged in-situ through a Confocal Scanning Laser Microscope (CSLM). Theresultsare
correlated with post-experiment characterization through FEG-SEM and dual beam FIB-SEM. The
evolution of the reactive- elements-containing scale, its mor phology and composition are deter mined.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17.LIMITATION OF | 18.NUMBER | 19a NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Same as 8
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



Experimental

An alloy (F,) with a mischmetal levels of 120 ppm La + 270 ppm Ce was prepared based on a
nominal composition of Fe-22Cr-0.5Mn-0.1Ti (weight percent alloys). Glow Discharge Mass
Spectroscopy (GDMS) was used to analyze rare earth element content of the alloys, as
summarized in Table 1 below.

Sample chemistries.

Elyvae | B| F |Na|Mg/Al|Si|P | S [Cl| K [Ca|Ti|V| Cr

F;|[wt%]|0.02| <0.01 |0.04/0.2(330| 8.3 | 16 | 46 |0.12/<0.05|0.12|770| 12| Matrix

Evat |(Mn| Fe |Co|Cu|Zn| Y |Zr| Nb |Mo| La | Ce |Pr|Nd| C

Fs3|[wt%]|0.56|Matrix | 23 |8.4|<5 |<0.5|0.91|=<30| 1.7 | 290 |610| 54 {19| 0.019

Table 1. Composition of F.

Samples were polished using SiC paper number 320 and subsequently numbers 800 and 1200.
Grinding was done using diamond paste suspensions of 6, 3 and 1 um.

The oxidation experiments were carried out in the gold-image hot-stage of a Confocal Scanning
Laser Microscope (CSLM). During oxidation the sample surface was continuously scanned by
using an imaging technique for obtaining high-resolution optical images [*]. The furnace
chamber was evacuated and refilled with dry air, which was subsequently allowed to flow for 10
minutes. The flow rate was around 500 ml/s. The required heating time from RT to 800°C was
40s and the samples were maintained at this temperature for 0, 5, 15, 30 and 60 minutes after
which they were cooled to room temperature. O minutes oxidation corresponds to heat up —
immediate cool down (0 hold zone).

The samples were polished and marked with a Vickers Hardness Testing Machine. Marking were
used to allow the recognition of specific places that could be of interest. Once the marks were
made, the position of RE inclusions was easily locatable on the surface. Its evolution was
followed with CLSM and the same places were examined again after oxidation. The marked
surface was characterized before and after the experiments by a Philips XL Field Emission
scanning electron microscope (SEM). The accelerating voltage determining the energy and
wavelength of electrons in the electron beam was 10 kV. The resolution in the secondary
electron mode at 10 kV was 3.5 nm at a working distance of 10 mm.

Cross sections were obtained by milling a rectangular hole (ca. 7 x 3 um) on the surface with a
Nova 600 DualBeam system. To avoid charge effects the surface was previously covered with
7.0 nm of Pt. The region of interest to be cross sectioned (around 20 wm) was encapsulated with
1 um of Pt to avoid damage while milling. The surface was cross sectioned to a depth of 4-5 um
using a 30 kv Ga* ion beam with a current of ca. 0.5 nA. Cross-section were obtained and SEM
images of selected features in the cross-sections were taken.

Results and Discussion
The terminology used to explain the results is summarized in figure 1. The RE sites or RE
containing sites are meant to be the locations where RE were found before the oxidation and that

after the oxidation process happened to become big particles on the surface. By “far from RE
sites” it is meant all surface spots which are not in the immediate surroundings of the RE sites
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and includes both, nodules and ground material. On the contrary, by “sites near from RE” it is
meant the immediate locations surrounding the RE formed particles. Oxide nodules are the
nodules formed during oxidation and found in the surface afterwards. The bulk is the ground
material behind the nodules.

Far RE site
RE site

Near RE site”

O—s> Bulk

AccV SpotMagn  Det WD ———f 24m
100KV 80 8000x SE 105

Figure 1. SEM picture showing the different parts analyzed in the surface of the samples.
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Figure 2. SEM images of F, samples oxidized for 5, 15, 30 and 60 min. The SEM images show

the nucleation site, area around nucleation sites, area far from the nucleation sites and the ridges

formed on the surface. (Magnification: 50000X for nucleation particle, near nucleation particle
and far from the nucleation particle and 12000X for ridges).

The oxidation of the samples was followed by CSLM. The surface starts oxidizing when the
temperature reaches 600°C, corresponding to 30 s according to the temperature profile explained
in the experimental section. The formation of ridges starts around 1:45 min oxidation. From this
point on, nothing seems to be happening in the surface but scale growing.
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The samples used in the heating up — immediate cool down acquired a very intense copper color
and their examination by SEM resulted in the obtaining of blurry images. Nevertheless, only few
small nodules and no ridges are observable in the surface.

In figure 2 SEM are shown pictures from different points of the surface: on particles, area
surrounding particles, area far from particles (50000X) and ridges (12000X); at different
oxidation times: 5, 15, 30 and 60 minutes.

The pictures show that the oxide nodule size is larger far from the RE-particles than in their
vicinity, when comparing columns 2 and 3 in figure 2.

However, the size of the oxides formed on the particles appears to be largest (column 1 in fig. 2).
With time, the increase of oxide particles size on the particles is evident. Also an increase of the
oxide particle size is observable with time in the area surrounding the particles.

The size of the oxide particles far from the nucleation sites increase from 5 to 30 minutes. After
60 minutes the grain size seems comparable to the size after 30 minutes.

Regarding ridges, after 5 minutes oxidation they are small and barely distinguishable. After 15
minutes of oxidation they are well visible. The size of the nodules constituting the ridges size
seem to be comparable at 15, 30 and 60 minutes.

Composition

The compositional evolution of the reactive elements containing sites with the oxidation time is
summarized as follows: in general it can be said that reactive elements (Ce, La, Ti) as well as the
bulk material (Fe) decrease with time at this sites while O, Cr, and Mn increase. Maybe La has a
tendency to diffuse towards the surface but when the oxidation time is long enough, Cr and Mn
oxides will bury it under an oxides layer. This indicates the formation of chromium and
manganese oxides over the reactive elements, forming a layer covering and burying them, which
supports the hypothesis of RE acting as nucleation sites for chromium and manganese oxides.
The comparison of composition evolution with time between areas surrounding RE containing
sites and areas far from them are shown yields the following results: Ti amount is very little in
the surface and its behavior is the same in both areas, far and near RE sites. Manganese is much
higher in case of sites far from the surface, increasing with the oxidation time, while RE
surrounding areas are shown to be depleted in this element. Around RE sites the amount of Mn
tends to decrease with time. Depleted Mn zones are also shown to be Cr depleted at 5 and15
minutes oxidation, while after this oxidation time the quantities of Cr are comparable far and
near RE (being a bit higher near them). The explanation for this phenomenon could be the fact
that RE are acting as nucleation sites for Cr and Mn oxides. At short oxidation times REs are
attracting all Cr around to become wrapped with Cr oxides. Longer oxidation times allow Cr to
diffuse towards RE sites and no Cr depleted area is observed any more. The explanation is not
valid for Mn due to its much lower concentration in the bulk material. Regarding Fe, RE
surrounding areas are rich in this element at low oxidation times (5 and 15 minutes; due to the
lack of Cr and Mn). At 30 minutes its value drastically decreases in these zones, because of the
higher amount of Cr. Regarding Fe is the bulk material, it can be said that at 60 minutes its value
far and near the RE sites is comparable.

Regarding the ground composition evolution with oxidation time, it can be said that the initial
steel evolves to a mixture of Fe, Cr and Mn oxides (spinel) which is getting richer with time in
Cr and Mn oxides, diminishing the quantity of Fe. Cr and Mn are diffusing towards the surface
with the increasing oxidation time. The increase/decrease of the elements diminishes its
magnitude from 30 minutes (O from 15 min) indicating that a steady state is being reached and
therefore the transient stage may be over, which is in good agreement with the literature values.’
The composition near the particles is pretty much comparable to the bulk composition at all
times, indicating that the presence of RE is avoiding the formation of chromium oxide nodules.
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This agrees with the results shown in the previous section, where it can be seen the zones near
the particles being morphologically comparable to the bulk material.
The study of evolution of nodules composition with oxidation time shows that the first nodules
can be observed after 5 minutes oxidation. These initial oxide nodules are very rich in Fe. With
oxidation time the composition evolves to oxides richer in Cr and Mn and poorer in Fe.
As oxide nodules, ridges are found to be formed in the surface after 5 minutes of oxidation. They
are made out mainly of Fe, Cr, O, Mn and some Ti. A parallel behavior between Cr and Mn can
be observed. Oxygen seems to reach a steady state after 15 minutes, as well the amount of Ti
does not vary very much from that time.
The evolution with oxidation time of Fe, Cr, O, Mn and Ti on different parts of the surface can
be summarize as follows:
e Fe: bulk > nodules > ridges (irregular behavior) ~ particle. Decreases with time, in all
cases.
e Cr: ridges > nodules > bulk > particle (analogue behavior in ridges and nodules).
Increases with time, in all cases.
® Mn: ridges > nodules > particle > bulk (but for 30 minutes, dramatic decrease in the
rigdes, keeps tendency in the nodules). Tendency to increase in all cases.
e Ti: ridges > particle > bulk = nodules. Increases with time in the ridges but decreases in
the particles. No significant in the bulk or in the nodules.

Dual Beam FIB Cross-Sections

In figure 3 are shown the cross sections obtained for the different oxidation times: before and
after 0, 5, 15, 30 and 60 minutes (figure 3).

The cross section of a RE inclusion before oxidation showed a void which showed not to have
any surrounding layer. The dimensions of this feature are: height - 1.10 um, width — 0.44 um,
diagonal — 0.96 um. A region showing different color during the cross-sectioning is found.
Images at higher magnification show intense different color forming a layer parallel to the
surface.

The cross sectioned particle in the sample corresponding to the 0-holding zone shows no oxide
layer is observed after this quick heating. Two phases seem to be differentiated in the RE
particle. In this case the dimensions of the found particle were of 0.72 um height and 2 um
width. The particle in this case seems to be porous.

The images obtained after cross-sectioning of sample after 5 minutes oxidation show no rides on
top of grain boundaries or even no scale are observable in the sample. The RE particle found
have the following dimensions: width — 1.14 um, height 1.18 um, diagonal — 1.17 um.

After 15 minutes oxidation, the RE particle found had the following dimensions: height —
0.63 um, width — 1.73 um, diagonal — 0.96 um. An average of the scale thickness in the cross-
sectioned area gave a thickness of 69 nm, nevertheless the layer is quite inhomogeneous and
nodules are often found. Their height is around 0.17 um. There are other areas where the scale
thins and the effect is the contrary: it seems the bulk is forming a nodule surrounded by the
oxides layer. The ridges formed on the alloy grain boundaries have the following dimensions:
height — 302 nm, width — 616 nm. Also a small amount of internal oxidation could be observed.
Preliminary TEM studies were carried out in a comparable RE dual phase particle of F, samples
oxidized for 15 minutes. According to the EDX results on the TEM sample, Ti segregated in the
lighter gray part of the particle, and the darker part segregate RE elements. if this is the case for
this FIB particle, and given the fact that Ti sometimes segregates with RE elements, we expect
the lighter gray part to be some Ti phase. But further EDS work is needed to confirm this
postulation.

According to this initial results a division of the different phases in the particle can be made as
shown in figure 3: the region marked as I compressing the lighter phase would be made out of Ti
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oxides; region II, the darker phase, would be made out of RE oxides and a thinner layer or
chromium oxides would be the outermost layer, marked as region III.

500 nm

500 nm

oo’
5 min cxddation
Figure 3. Cross section of F, samples before and after 0, 5, 15, 30 and 60 minutes oxidation.

After 30 minutes oxidation a dual phase RE particle can be again seen. The dimensions are:
height — 1.26 um, width — 1.74 um, diagonal — 1.73 um. The average of scale thickness, 66 nm,
was comparable to the thickness found after 15 minutes oxidation. As in the 15 minutes case,
nodules were found, with average dimensions of height — 0.20 um, width — 0.26 um. Also
thinner sections in which the scale seemed to be surrounding a nodule formed by the bulk alloy
were observed. Grain boundaries were found to be about the same height as after the ones
formed after 15 minutes oxidation, but broader: height — 358 nm, width — 661nm. After this
oxidation time, a lighter layer underneath some sections of the scale could be observed.

After 60 minutes oxidation, the RE particle shows again two phases being in this case the lighter
phase predominant. The dimensions of the particle are: height — 1.62 pm, width — 1.87 um,
diagonal — 1.72 um. The thickness of the scale found in this case was of 109 nm (thicker than for
15 and 30 minutes oxidation). Nodules were also found in the scale: height — 0.19 um, width —
0.21 pm. Their size is comparable with the other oxidation times. But in this case voids could be
seen in these parts of thicker scale. The opposite nodules, which a lighter core and where the
scale is thicker where shown to be in these case made out of a lighter material than the bulk. This
lighter layer can be also found in some regions underneath the scale. Regarding ridges, they were
found again on top of grain boundaries: height — 426 nm, width — 1014 nm. The ridges are in this
case a bit higher but broader.

In figure 4 the evolution in width and height of measured ridges with oxidation time is shown.
The width of ridges is superior to its height and they tend to broaden more significantly with
oxidation time while it could be said that the height slightly increases from 15 to 30 minutes and
then it keeps constant. Ridges grow on top of grain boundaries' (figure 3) presumably because
of preferential diffusion of Mn and Cr. It is also logical to assume that formation of grain
boundaries in the scale will take place over the alloy grain boundaries. Then the fact of
preferential ridges broadening over growing in the longitudinal dimension could be indicative of
RE blocking grain boundaries in the scale, while more Cr and Mn are being provided from the
alloy and therefore these oxides have to be accommodated, resulting in broader ridges at the
interface.
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Figure 4. Evolution with time of the width and height of the ridges found in the cross-sectioned
areas.

In figure 5 a schematic representing what is happening in the surface with time is shown. In the
initial surface inclusions containing RE (RE sites, RE locations) can be found before the
oxidation. The beginning of the process implies migration of RE particles towards the surface
and grain boundaries. Mn and Cr diffuse towards the surface where a scale rich in spinel starts to
form. This spinel evolves becoming richer in Cr and Mn and nodules made out of chromium
oxides grow over it, becoming larger with time. Cr and Mn diffuse preferentially along grain
boundaries forming ridges on top of them. RE have the following act as nucleation sites for Cr
and Mn oxides, being the layer formed around them thicker with time. This causes the non-
formation of Cr oxides nodules in these areas as all the Cr is invested in forming the scale around
RE. Analysis of the ridges inter-phase morphology suggests grain boundaries in the scale being
blocked by REs.

L2

Figure 5. Schematic representation of evolution of scale with increasing oxidation time. 1 and 2:
particles formed on the surface (rich mainly in chromium oxides). Some of them contain Mn
oxides. 3: ridges of Cr and Mn oxides formed on the alloy grain boundaries. 4: Potential RE

nucleation sites. Cr and Mn oxides grow in these sites. © - RE particles, @ - Ti particles.

Conclusion
e The oxidation starts around the temperature of 600°C.

e The formation of ridges takes place early in the oxidation, around 65 s after oxidation.
e According to CLSM no superficial phenomena is visible from the formation of ridges.
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e SEM results show an increase in the oxide particle size on the nucleation site, in the
surroundings of the nucleation site and far from it with time.

e Within the first 90s phenomena as formation of ridges or opening of holes in the surface
can be observed. After that all that seems to be happening in the surface is the growing of
the scale in terms of oxide particles size. The morphology of the scale at 5 min is difficult
to distinguish but after 15 minutes it is well formed (ridges and oxide particles in all
points of the surface well distinguishable).

e (e and La are localized at specific sites in the surface (inclusions) and no significant
amount can be found forming ridges, nodules or ground. RE act as nucleation sites for Cr
and Mn oxides. They tend to be wrapped and buried by these oxides with increasing
oxidation time.

e Depletion zones around RE are remarkable at low oxidation times (5 and 15 minutes)
regarding Cr. These areas are depleted of Mn, decreasing its amount with time.

e Areas around RE sites are comparable to bulk material, both morphologically and
compositionally.

¢ Cr and Mn diffuse towards the surface with time.

e Transient stage of oxidation seems to be over at 30 minutes.

e Ground material evolves with time, transforming spinel into oxides richer in Cr and Mn
and poorer in Fe. The same behavior observed for oxide nodules and ridges.

e Tiis mainly present at RE sites and ridges.

e Fe is more significant in the ground material, while Cr, Mn and Ti are more significant in
ridges.

e Ogxidation features (scale, nodules, ridges) are only observable after 15 minutes oxidation.

e The thickness of the scale is comparable in samples oxidized for 15 and 30 minutes, but
increases for 60 minutes oxidation.

e The RE particles found seem to segregate into dual phase particles with oxidation time.
The characterization and differentiation of these particles is future TEM work.

® Two different kind of nodules are found in the scale. The dark nodules seem to be just
scale formed while the lighter ones resemble to the lighter phase found in the RE
particles. The characterization of these nodules should also be done by TEM.

e Ridges are found in all cases above alloy grain boundaries. With increasing oxidation
time they tend to broaden but not significant increase in height is detected. This suggests
RE could be blocking Cr, Mn and Ti diffusion through the scale grain boundaries.

e Lighter layers can be found in some regions beneath the scale. It could be a possible
relation to the lighter phase found in the RE particles.

'], Stringer, B. A. Wilcox and R. L. Jaffee: Oxid. Met. Vol. 11(1972), p. 5.

2 G. M. Ecer and G. H. Meier: Oxid. Met. Vol. 13 (1979), p. 159.

ML Ecer, Singh and G. H. Meier: Oxid. Met. Vol.18 (1982), p. 55.

‘e.s. Giggins and F. S. Pettit: Met. Trans. Vol. 2 (1971), p. 1071.

3G. M. Ecer and G. H. Meier: Oxid. Met. Vol. 13 (1979), p. 119.

°R. Thanneeru, S. Pati., S. Deshpande and S. Seal: Act. Mat. Vol. 55 (2007), p. 3457.
M. Hajduga and J. Kucera: Oxid. Met. Vol. 29 (1988), p. 121.

8 H. Yin, H. Shibata, T. Emi and M. Suzuki: ISIJ Int. Vol. 37 (1997), p. 936.

°M. Hajduga and J. Kucera: Oxid. Met. Vol. 29 (1988), p. 121.

' L. M. Fernandez Diaz, J. Zhu, G. R. Holcomb, P. D. Jablonski, D. E. Alman, S. Sridhar,
presented at the 4™ International Conference on Diffusion in Solids and Liquids DSL-2008, 9-11
July 2008, Barcelona, Spain. (Accepted for publication).

320



	Welcome
	Book Listing
	Symposia Listing
	1/2 Title Page
	TMS Publications Page
	Title Page
	ISBN/Copyright Information
	Table of Contents
	General Abstracts: Electronic, Magnetic and Photonic Materials Division
	Alumina Coated Steels by the Sol Gel Method for a New Lamellar Soft Magnetic Composite
	Nonvolatile Memory Property of WSi2 and TiSi2 Nano-particles in SiO2 Dielectrics
	Control of Texture and Improvement of Magnetic Properties of Fe-6.5wt%Si by Directionally Recrystallization
	Giant Magnetoresistance and Microstructure in CuCo Granular Flims Prepared by Electrodeposition
	Optical Properties of Molybdenum Oxide Thin Films Deposited by Chemical Vapor Transport of MoO3(OH)2
	Synthesis and Characterization of Superparamagnetic Co and CoNi Particles

	General Abstracts: Light Metals Division
	A Homogenization Treatment Study for Twin Roll Cast 3003 and 8006 Aluminium Alloys
	Comparative Analysis of the Effects of Acidified Vegetable Extracts on the Corrosion Behaviour of Al - Zn Alloy Systems
	Mechanical Properties of Powder Metallurgy Titanium Alloys Dispersed with Carbon Nano Particles
	Processing Response of Boron Modified Ti-6Al-4V Alloy in (a+ß) Working Regime
	Production of the Composite from 6082 Al Alloy Chips and Fly Ash Particles by Hot Pressing
	Selenium Treatment Technologies and Case Studies

	General Abstracts: Materials Processing and Manufacturing Division
	Corrosion Performance of Al/SiCP Composites with Multimodal Distribution under Humid Ambient and Aerated Chloride Solutions
	Fast Epitaxial High Temperature Brazing of Single Crystalline Nickel Based Superalloys
	GTAW-assisted Laser Welding of Galvanized High-strength Steel in Gap-free Lap Joint Configuration
	In-situ Fabrication of Metal Matrix Composites by Solidification Process under High Magnetic Fields
	Phase Segregation in Semisolid Powder Processing of Micro-Features
	Modeling the Critical Conditions for the Rolling of Seamless Pipes
	Surface Treatment by Variable-Polarity Arc to Promote the Energy Absorption in Laser Welding of Aluminum Alloy, a Preliminary Study
	A Numerical Procedure to Compute Stretch Bending Trajectories for Aluminum Extrusions
	Effect of Pulse Magneto Oscillation on the Solidification Structure of Pure Aluminum During Crystal Growth Stage
	Monitoring of Spatters by Using Microphone during Gas Tungsten Arc Welding of Galvanized High-Strength Steel DP980
	Rapid Materials Processing and Surface Sculpting using Electron Beam and Laser Processes
	Solidification Structure Transformation of Bearing Steel under Electric Current Pulse
	Effect of Small Additions of Boron on Shape Memory Properties and Grain Refinement of Cu-Al-Mn SMAs
	A Novel Process for Preparing Strontium Carbonate with Celestite Concentrate
	Severe Deformation by Linear Flow Splitting of Low Alloyed Steels
	Weldability of Advanced High Strength Steels (AHSS) Martensitic Type by Resistance Spot Welding (RSW): An Optimization Model to the Automotive Industry Components
	Changes in Microstructure and Mechanical Properties of CIP-Processed Tungsten Rods  during Rotary-Swaging and Stretching Operations
	Effect of Si/Mg Molar Ratio on the Electrochemical Behavior of Al/SiCP Composites with Bimodal Distribution of Reinforcements
	Model of the Thermal Physics in Plasma-Sprayed Coatings and Calculation of Residual Stress
	Residual Stress Reduction for Air Plasma Sprayed Al-Si Abradable Coating

	General Abstracts: Structural Materials Division
	Method for Estimating Dislocation Viscosities
	Mechanical Properties and Phase Stability of Ti-Cr System Alloys
	Microstuctural Characterization and Physical  Properties of TiC Reinforced Al-Cu Matrix Alloy Composites
	Effects of Alloying Elements on Mechanical Properties of API X80 Linepipe Steels
	Finite Element Analysis of Viscoelastic Core Sandwich Structures
	Investigation on Microstructure and Properties of Ti-45Al-5.5(Cr, Nb, B, Ta) Alloy Prepared by Double Mechanical Milling (DMM) and Spark Plasma Sintering (SPS)
	Surface Characteristics of Low-temperature Gas Nitrided 316 Ti Austenitic Stainless Steels
	Studies on Transient-Stage-Scale Growth on Fe-22 wt.% Cr alloys containing 120 ppm La + 270 ppm Ce
	Development and Ballistic Testing of a New Class of Autotempered High Hard Steels Under Military Specification MIL-DTL-46100E

	General Poster Session
	Evaluation of Toughness Deterioration by an Electrochemical Method in an Isothermally-Aged N-Containing Austenitic Stainless Steel
	Numerical Simulation of Phase Decomposition during Aging in Cu-Ni Based Alloys
	The Evaluation of Densified Layer Formation Mechanism and Thickness during Dry Sliding Wear of Porous Powder Metallurgy Steels
	Influence of Additives on Immobilization Process of Heavy-metal Containing Waste Residues Using Elemental Sulfur
	Development of Revabratory Furnace in Egyption Copper Works (ECW) by Using Reformed Natural Gas
	Design and Application of Variable Contact Roll Contour on Backup Roll of Finishing Stand at a Hot Strip Mill
	Toolcoatings as Thermocouple for Chipping
	SiC Particulate Reinforced Iron Matrix Composites Processed by Specimen Current Heating Hot Press Sintering
	Performance on Leaching of Antimony Trioxide with Polyhydric Organics in Alkaline Solutions
	Preparation of Fibrous Nickel Powder by Complexing Precipitation- thermal Decomposition Method
	Novel Method for Physical Simulation of Solidification Process in Slab Continuous Casting
	The Microstructure and Mechanical Properties of As-HIP FGH 95 P/M Superalloy for High Pressure Turbine Blade Retainers
	Oxidation Behavior of Low Carbon Steel in Oxygen and/or Water Vapor at 500-700°C
	Characterization of Microstructure, Mechanical Properties and Corrosion Resistance of Welded Joints of 2205 Duplex Stainless Steel
	Structure Refinement of 12wt.%Cr Ferritic Stainless Steel by Pulse Current
	Effect of Cooling Rate on Linear Contraction Rate and Hot Cracking Trend of T10 Steel
	Tin Recovery from Printed Circuit Boards of Obsolete Computers Using a Hydrometallurgical Approach
	Properties of the Long-term Ordered Semiconductors
	Effect of Thermo-Mechanical Processes on Alloy 909 Stress-Rupture Properties
	Addition of Nitrogen and Nickel in the Fusion Zone of Plasma Transferred arc Weldments in UNS 32760 Super Duplex Stainless Steel: Effect on the Microstructure and on the Pitting Corrosion Resistance
	Removal of Impurity Elements from the Molten Aluminum: Modeling and Validation
	Processing of a TiAl Alloy by Powder Metallurgy and Hot Working
	Numerical Simulations of the Crimping Process
	Theoretical Investigation of Sulfur Adsorption on Fe (100)
	Influence of Heat Input on Microstructure and Mechanical Properties of Laser Beam Welded Superalloy Inconel 718
	Influence Local Use of Ageing Effects in Multiphase Steels for Designing Local Properties of Constructional Elements
	Microstructure and Mechanical/Electrical Properties of Nanostructured High-strength, High-conductivity (HSHC) Cu Material
	Evolution of Zn + NaCl Foams, Characterization and Interconnection in Open Cell
	Study of Effect of Silicon Resin over Capacitance on TaMnO2 Devices under Room and Humid Environments.
	Improvement of Tensile Ductility of Heavily Rolled and Recovery Annealed Aluminum Alloy Sheet
	The Effect over Capacitance Properties of Surfactants Used in Mn(NO3)2 Impregnation Process in High Charge Tantalum Powders
	Surface Modification of A Biometallic Aisi 316l Stainless Steel by Means of Pulsed Electron Beam Treatment
	An Investigation on Growth Mechanism of Nano-boric Acid Structures
	Evolution of the Microstructure of As-rolled Ti-43Al-9V-Y Alloy with Different Heat Treatments
	Surface Modification of Ti6Al4V Alloy by Pack Boriding
	Preparation of Zinc Oxide Nanostructures from Zinc Sulfate and Zinc Nitrate Precursor
	Effect of Current Density on Electrochemical Phosphating of Stainless Steel 316L
	The Annealing and Aging Effect on Irradiated ZnO:Al Film by Cs-137
	The Investigation of Microstructural Changes in ZnO:Al Thin Film by Beta Irradiation
	Investigation of Intermetallides, Obtained in Ti-Al System Under Shock Wave Loadings
	Rapid Transient-Liquid-Phase Bonding of Al2O3 Ceramics
	Effect of Deposition Conditions on the Optical and Chemical Properties of Sio2 Films
	Finite Element Model of Compression of a Polycrystalline Layer Showing Banding Behavior
	Novel Method for Identifying Low-angle Sub-grain Boundaries
	The Shock Wave in High Velocity Compaction of Iron Powders
	Mixture of Calcium Hydrides and Lithium Borohydrides for Hydrogen Storage Materials
	The Role of Iron Addition on The Fire Assay of Pyritic Ores
	Upgrading Titaniferous Metallurgical Slag by Activation -acid Leaching Process
	Experimental Phase Studies in the TeO2 - WO3 System
	Semiconducting Properties of Passive Films and Pitting Corrosion Resistance of Nickel Free High Nitrogen Austenitic Stainless Steels
	AUMUND Cooling Conveyor for Hot Bath Material
	Electrochemistry Study on Epoxy Resin to Anti-corrosion Performance Of Reinforced Bar in the Concrete
	Study on Effects of Cement Additives on Properties of Cement by Using the Calorimeter Method
	Preparation and Characterization of NiCo2O4 Fibre by Coordination Coprecipitation-thermal Decomposition Method
	Study on Electric Conductivity of AlCl3/Benzyltrimethylammonium Chloride Room Temperature Ionic Liquids
	Precipitation Kinetic of AlMgSi Alloy Added with Ag
	Optimization of Milling Conditions for the Production of Fine Silver Powders
	Conventional Windmills Integrated With Generator Based on Magnetically Augmented Rotational System
	Characterization of Oxides in Low-Carbon GMAW Weld Deposits for High Speed Applications
	Optimization of Machine Parameters for an A487 Steel Welding Process
	Microstructures and Mechanical Properties of Copper Alloyed Austempered Ductile Irons
	Design of Experiment to Minimize Fluoride and Particulate Emissions at Alumar
	Synthesis and Characterization of Novel Biomaterials
	The Analog Simulation of Three-Layer Electrolysis Cell for Refining of Aluminum
	Characterization Microstructural and Corrosion Performance Heat Treated in a New Al-Mg-Zn Alloy by: Optic Microscopy, SEM, Corrosion Test and Microstructural Predictions using Thermocalc
	Analysis of Dendritic Growth in Casting Alloys A356 with Cu and Modified with Sr, by: Optical Microscopy, Poles Figures
	Pilot Experiments of Low Temperature (700 ~ 800°C ) Aluminum Electrolysis in a 5kA Aluminum Reduction Cell
	Removal of Pb, Cd and Cl from Waelz Oxide via Pyrometallurgical Process
	Lorentz Force Flowmeter in Industrial Application


	Author Index
	Subject Index
	Print
	Search
	Exit
	Welcome
	Book Listing
	Symposia Listing
	1/2 Title Page
	TMS Publications Page
	Title Page
	ISBN/Copyright Information
	Table of Contents
	General Abstracts: Electronic, Magnetic and Photonic Materials Division
	Alumina Coated Steels by the Sol Gel Method for a New Lamellar Soft Magnetic Composite
	Nonvolatile Memory Property of WSi2 and TiSi2 Nano-particles in SiO2 Dielectrics
	Control of Texture and Improvement of Magnetic Properties of Fe-6.5wt%Si by Directionally Recrystallization
	Giant Magnetoresistance and Microstructure in CuCo Granular Flims Prepared by Electrodeposition
	Optical Properties of Molybdenum Oxide Thin Films Deposited by Chemical Vapor Transport of MoO3(OH)2
	Synthesis and Characterization of Superparamagnetic Co and CoNi Particles

	General Abstracts: Light Metals Division
	A Homogenization Treatment Study for Twin Roll Cast 3003 and 8006 Aluminium Alloys
	Comparative Analysis of the Effects of Acidified Vegetable Extracts on the Corrosion Behaviour of Al - Zn Alloy Systems
	Mechanical Properties of Powder Metallurgy Titanium Alloys Dispersed with Carbon Nano Particles
	Processing Response of Boron Modified Ti-6Al-4V Alloy in (a+ß) Working Regime
	Production of the Composite from 6082 Al Alloy Chips and Fly Ash Particles by Hot Pressing
	Selenium Treatment Technologies and Case Studies

	General Abstracts: Materials Processing and Manufacturing Division
	Corrosion Performance of Al/SiCP Composites with Multimodal Distribution under Humid Ambient and Aerated Chloride Solutions
	Fast Epitaxial High Temperature Brazing of Single Crystalline Nickel Based Superalloys
	GTAW-assisted Laser Welding of Galvanized High-strength Steel in Gap-free Lap Joint Configuration
	In-situ Fabrication of Metal Matrix Composites by Solidification Process under High Magnetic Fields
	Phase Segregation in Semisolid Powder Processing of Micro-Features
	Modeling the Critical Conditions for the Rolling of Seamless Pipes
	Surface Treatment by Variable-Polarity Arc to Promote the Energy Absorption in Laser Welding of Aluminum Alloy, a Preliminary Study
	A Numerical Procedure to Compute Stretch Bending Trajectories for Aluminum Extrusions
	Effect of Pulse Magneto Oscillation on the Solidification Structure of Pure Aluminum During Crystal Growth Stage
	Monitoring of Spatters by Using Microphone during Gas Tungsten Arc Welding of Galvanized High-Strength Steel DP980
	Rapid Materials Processing and Surface Sculpting using Electron Beam and Laser Processes
	Solidification Structure Transformation of Bearing Steel under Electric Current Pulse
	Effect of Small Additions of Boron on Shape Memory Properties and Grain Refinement of Cu-Al-Mn SMAs
	A Novel Process for Preparing Strontium Carbonate with Celestite Concentrate
	Severe Deformation by Linear Flow Splitting of Low Alloyed Steels
	Weldability of Advanced High Strength Steels (AHSS) Martensitic Type by Resistance Spot Welding (RSW): An Optimization Model to the Automotive Industry Components
	Changes in Microstructure and Mechanical Properties of CIP-Processed Tungsten Rods  during Rotary-Swaging and Stretching Operations
	Effect of Si/Mg Molar Ratio on the Electrochemical Behavior of Al/SiCP Composites with Bimodal Distribution of Reinforcements
	Model of the Thermal Physics in Plasma-Sprayed Coatings and Calculation of Residual Stress
	Residual Stress Reduction for Air Plasma Sprayed Al-Si Abradable Coating

	General Abstracts: Structural Materials Division
	Method for Estimating Dislocation Viscosities
	Mechanical Properties and Phase Stability of Ti-Cr System Alloys
	Microstuctural Characterization and Physical  Properties of TiC Reinforced Al-Cu Matrix Alloy Composites
	Effects of Alloying Elements on Mechanical Properties of API X80 Linepipe Steels
	Finite Element Analysis of Viscoelastic Core Sandwich Structures
	Investigation on Microstructure and Properties of Ti-45Al-5.5(Cr, Nb, B, Ta) Alloy Prepared by Double Mechanical Milling (DMM) and Spark Plasma Sintering (SPS)
	Surface Characteristics of Low-temperature Gas Nitrided 316 Ti Austenitic Stainless Steels
	Studies on Transient-Stage-Scale Growth on Fe-22 wt.% Cr alloys containing 120 ppm La + 270 ppm Ce
	Development and Ballistic Testing of a New Class of Autotempered High Hard Steels Under Military Specification MIL-DTL-46100E

	General Poster Session
	Evaluation of Toughness Deterioration by an Electrochemical Method in an Isothermally-Aged N-Containing Austenitic Stainless Steel
	Numerical Simulation of Phase Decomposition during Aging in Cu-Ni Based Alloys
	The Evaluation of Densified Layer Formation Mechanism and Thickness during Dry Sliding Wear of Porous Powder Metallurgy Steels
	Influence of Additives on Immobilization Process of Heavy-metal Containing Waste Residues Using Elemental Sulfur
	Development of Revabratory Furnace in Egyption Copper Works (ECW) by Using Reformed Natural Gas
	Design and Application of Variable Contact Roll Contour on Backup Roll of Finishing Stand at a Hot Strip Mill
	Toolcoatings as Thermocouple for Chipping
	SiC Particulate Reinforced Iron Matrix Composites Processed by Specimen Current Heating Hot Press Sintering
	Performance on Leaching of Antimony Trioxide with Polyhydric Organics in Alkaline Solutions
	Preparation of Fibrous Nickel Powder by Complexing Precipitation- thermal Decomposition Method
	Novel Method for Physical Simulation of Solidification Process in Slab Continuous Casting
	The Microstructure and Mechanical Properties of As-HIP FGH 95 P/M Superalloy for High Pressure Turbine Blade Retainers
	Oxidation Behavior of Low Carbon Steel in Oxygen and/or Water Vapor at 500-700°C
	Characterization of Microstructure, Mechanical Properties and Corrosion Resistance of Welded Joints of 2205 Duplex Stainless Steel
	Structure Refinement of 12wt.%Cr Ferritic Stainless Steel by Pulse Current
	Effect of Cooling Rate on Linear Contraction Rate and Hot Cracking Trend of T10 Steel
	Tin Recovery from Printed Circuit Boards of Obsolete Computers Using a Hydrometallurgical Approach
	Properties of the Long-term Ordered Semiconductors
	Effect of Thermo-Mechanical Processes on Alloy 909 Stress-Rupture Properties
	Addition of Nitrogen and Nickel in the Fusion Zone of Plasma Transferred arc Weldments in UNS 32760 Super Duplex Stainless Steel: Effect on the Microstructure and on the Pitting Corrosion Resistance
	Removal of Impurity Elements from the Molten Aluminum: Modeling and Validation
	Processing of a TiAl Alloy by Powder Metallurgy and Hot Working
	Numerical Simulations of the Crimping Process
	Theoretical Investigation of Sulfur Adsorption on Fe (100)
	Influence of Heat Input on Microstructure and Mechanical Properties of Laser Beam Welded Superalloy Inconel 718
	Influence Local Use of Ageing Effects in Multiphase Steels for Designing Local Properties of Constructional Elements
	Microstructure and Mechanical/Electrical Properties of Nanostructured High-strength, High-conductivity (HSHC) Cu Material
	Evolution of Zn + NaCl Foams, Characterization and Interconnection in Open Cell
	Study of Effect of Silicon Resin over Capacitance on TaMnO2 Devices under Room and Humid Environments.
	Improvement of Tensile Ductility of Heavily Rolled and Recovery Annealed Aluminum Alloy Sheet
	The Effect over Capacitance Properties of Surfactants Used in Mn(NO3)2 Impregnation Process in High Charge Tantalum Powders
	Surface Modification of A Biometallic Aisi 316l Stainless Steel by Means of Pulsed Electron Beam Treatment
	An Investigation on Growth Mechanism of Nano-boric Acid Structures
	Evolution of the Microstructure of As-rolled Ti-43Al-9V-Y Alloy with Different Heat Treatments
	Surface Modification of Ti6Al4V Alloy by Pack Boriding
	Preparation of Zinc Oxide Nanostructures from Zinc Sulfate and Zinc Nitrate Precursor
	Effect of Current Density on Electrochemical Phosphating of Stainless Steel 316L
	The Annealing and Aging Effect on Irradiated ZnO:Al Film by Cs-137
	The Investigation of Microstructural Changes in ZnO:Al Thin Film by Beta Irradiation
	Investigation of Intermetallides, Obtained in Ti-Al System Under Shock Wave Loadings
	Rapid Transient-Liquid-Phase Bonding of Al2O3 Ceramics
	Effect of Deposition Conditions on the Optical and Chemical Properties of Sio2 Films
	Finite Element Model of Compression of a Polycrystalline Layer Showing Banding Behavior
	Novel Method for Identifying Low-angle Sub-grain Boundaries
	The Shock Wave in High Velocity Compaction of Iron Powders
	Mixture of Calcium Hydrides and Lithium Borohydrides for Hydrogen Storage Materials
	The Role of Iron Addition on The Fire Assay of Pyritic Ores
	Upgrading Titaniferous Metallurgical Slag by Activation -acid Leaching Process
	Experimental Phase Studies in the TeO2 - WO3 System
	Semiconducting Properties of Passive Films and Pitting Corrosion Resistance of Nickel Free High Nitrogen Austenitic Stainless Steels
	AUMUND Cooling Conveyor for Hot Bath Material
	Electrochemistry Study on Epoxy Resin to Anti-corrosion Performance Of Reinforced Bar in the Concrete
	Study on Effects of Cement Additives on Properties of Cement by Using the Calorimeter Method
	Preparation and Characterization of NiCo2O4 Fibre by Coordination Coprecipitation-thermal Decomposition Method
	Study on Electric Conductivity of AlCl3/Benzyltrimethylammonium Chloride Room Temperature Ionic Liquids
	Precipitation Kinetic of AlMgSi Alloy Added with Ag
	Optimization of Milling Conditions for the Production of Fine Silver Powders
	Conventional Windmills Integrated With Generator Based on Magnetically Augmented Rotational System
	Characterization of Oxides in Low-Carbon GMAW Weld Deposits for High Speed Applications
	Optimization of Machine Parameters for an A487 Steel Welding Process
	Microstructures and Mechanical Properties of Copper Alloyed Austempered Ductile Irons
	Design of Experiment to Minimize Fluoride and Particulate Emissions at Alumar
	Synthesis and Characterization of Novel Biomaterials
	The Analog Simulation of Three-Layer Electrolysis Cell for Refining of Aluminum
	Characterization Microstructural and Corrosion Performance Heat Treated in a New Al-Mg-Zn Alloy by: Optic Microscopy, SEM, Corrosion Test and Microstructural Predictions using Thermocalc
	Analysis of Dendritic Growth in Casting Alloys A356 with Cu and Modified with Sr, by: Optical Microscopy, Poles Figures
	Pilot Experiments of Low Temperature (700 ~ 800°C ) Aluminum Electrolysis in a 5kA Aluminum Reduction Cell
	Removal of Pb, Cd and Cl from Waelz Oxide via Pyrometallurgical Process
	Lorentz Force Flowmeter in Industrial Application


	Author Index
	Subject Index
	Print
	Search
	Exit

